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• Scale has an incredible ability to influence biological patterns.  Well-known examples include the change in metabolic rate with 
body size (Kleiber 1947) and the increase in biodiversity with area (MacArthur and Wilson 1967).

• Community assembly addresses how the environment filters and sorts species by their traits to change functional biodiversity. When 
environmental stress is strong, coexisting species tend to be more similar than expected by chance (i.e., lower than expected
functional biodiversity).  When competition is strong, coexisting species may either partition resources and be more different than 
expected by chance  (i.e., greater than expected functional biodiversity) or they may use equalizing mechanisms and be more similar 
than expected (Chesson 2002).

• Scale may also influence patterns of  community assembly (Weiher and Keddy 1995) and it may be useful to use the Functional 
Diversity Area Relationship (FDAR) to better understand the way in which scale affects our understanding (Smith et al. 2013).

• Our goal is to better understand how scale-dependence influences plant functional diversity within and across habitats by asking
these questions:

• How does functional diversity scale with area?
• Is functional diversity consistently greater than or less than expected by random chance?
• How does functional diversity vary across habitats with variation in moisture and light availability? 

Methods
• The observed functional diversity (symbols) and the expected-by-chance functional diversity (trace line 

with shaded 95% c.i.) increased curvilinearly with area even on a log-log scale. 
• Functional diversity was highest in the dry plots.
• All the sites had some scales with lower than expected functional diversity (blue symbols).
• Most of  the sites had a “window” of  scales in which functional diversity was consistently low.
• However, the “window” was variable and was usually at lower scales in the dry sites.

Results

Discussion
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Plot Setup:
• Plots were created using a nested design with a starting plot area of  

0.0225 m2 (15 cm by 15 cm) and continued until a 64 m2 area was 
achieved (see figure at right, note that plot 10 is 1 by 1 m in size).

Data Collection:
• For each species of  plant per plot we measured plant height and took a 

leaf  sample from the uppermost fully developed leaf.  Leaves were 
weighed, scanned, and oven dried to obtain leaf  area (cm2), specific 
leaf  area (SLA, area per g dry mass, cm2 g-1), and leaf  dry matter 
content (LDMC, percent dry matter of  fresh leaves). 

Study Sites: 
• We sampled dry, mesic (medium), and wet forests and open grasslands/wetlands (6 sites).  The grasslands/wetlands and wet 

forest sites were in Tiffany Wildlife Management Area (Buffalo County, WI).  The mesic forest site was in Schmidt Maple 
Forest State Natural Area (Clark County, WI).  The dry forest site was in Coon Fork Barrens State Natural Area (Eau Claire 
County, WI).

Data Analysis:
• Trait data were simplified using principle component analysis in R.  

The first two components captured 73% of  the variation in the four traits and were used in the analyses.  Component one 
was associated with leaf  economic traits (SLA, LDMC), while component two was associated with size (height, leaf  area).

• Functional diversity (trait dispersion) was measured as the convex hull volume (Villéger et al. 2008) using the convhulln 
function in the geometry package in R.

• At each sample scale we shuffled the trait data 1000 times to simulate random assembly and generate a 95% confidence 
interval of  the randomly expected functional diversity.

• The results agree with Smith et al. (2013) who found less than expected functional diversity at similar 
sampling scales.

• The consistently lower than expected functional diversity (trait clustering) suggests either very fine-scale 
environmental variation causes species to exhibit similar trait values and/or there is widespread 
competitive equivalence.

• High functional diversity in the dry sites was unexpected because theory calls for stronger filtering and less 
diversity in stressful sites (Weiher and Keddy 1995).
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